Effects of cholinergic inhibition by atropine on cerebral circulation were studied in 15 baboons anesthetized with sodium pentobarbital. Intravertebral infusion of atropine, 0.1 mg/kg, did not cause any changes in cerebral blood flow (CBF), superior sagittal sinus wedge pressure (SSWP), epidural pressure (EDP), cerebral perfusion pressure, or cerebral vascular resistance under normal conditions. Cerebrovascular responsiveness to carbon dioxide (COz) inhalation was not influenced by atropine. The presence of cholinergic nerve fibers has been proved in the cerebral blood vessels and the existence of cholinergic mechanism suggested in the brain stem, but it is not likely that the cholinergic nerves have tonic control of cerebral blood vessels in the resting state or affect cerebrovascular responsiveness to CO2. The changes in EDP and those in SSWP showed a very good correlation to each other. There was also a good correlation between the changes in CBF and those in EDP or SSWP.
I
T is well known that cerebral blood vessels are innervated by both adrenergic and cholinergic nerve fibers. 2,7-9,14,25-27 The functional role of cholinergic nerves on cerebral circulation, however, remains obscure compared with that of adrenergic nerves. Stimulation of cholinergic nerves by acetylcholine dilates cerebral blood vessels xs, 35 and increases cerebral blood flow (CBF)J '2~ Acetylcholine perfusing the brain-stem neurons increases cerebral metabolism and CBF. 2~ It is reported, however, that atropine, a postganglionic cholinergic inhibitor, does not cause any changes in CBF in the resting state. 3'17"31 '34 These reports indicate that cholinergic nerves have no tonic influence on cerebral blood vessels in the resting state, but dilate them once stimulated.
It is reported that cerebrovascular responsiveness to carbon dioxide (COB) is not influ-enced by cholinergic stimulation with acetylcholine. 2~ On the other hand, there are some reports that cerebrovascular responsiveness to CO2 is blocked by atropine ls'31 and enhanced by cholinesterase inhibitor? The present experiment was designed to study the role of cholinergic nerves on CBF and cerebrovascular responsiveness to CO2 with the use of atropine.
Materials and Methods
Fifteen baboons weighing 3.2 to 14 kg were anesthetized with an intravenous injection of sodium pentobarbital (Nembutal), 25 to 30 mg/kg, and tracheostomy was performed. Supplementary doses of sodium pentobarbital were given as required to maintain a satisfactory level of anesthesia. Body temperature was maintained at 37 ~ C by heating lamps.
The left femoral vein was cannulated for fluid and drug administration. A polyethylene catheter was introduced into the abdominal aorta through the left femoral artery to monitor the systemic blood pressure by means of a strain gauge.* A third catheter was inserted into the superior sagittal sinus through a burr hole made anterior to the bregma, and it was wedged into the anterior end of the sinus to record the superior sagittal sinus wedge pressure (SSWP) by means of a semiconductor film strain transducer.t s6 The burr hole was closed with resin. In nine animals, intracranial pressure was measured as epidural pressure (EDP) by means of an SFT transducer s8 attached directly to the dural surface through a burr hole in the left parietal region. For the purpose of intravertebral drug administration, a fine polyethylene catheter was introduced into the right subclavian artery through the right brachial artery, and the tip was placed just proximal to the origin of the right vertebral artery. The subclavian artery was tied just distal to the vertebral artery so that when the drug was infused, it went into the vertebral artery. The external jugular vein and external carotid artery were ligated on both sides. Both internal jugular veins were exposed and their tributaries ligated. The sympathetic and vagus nerves were carefully preserved. An electromagnetic flow probe S was applied around each internal jugular vein and connected to the multi-channel squarewave electromagnetic flowmeter.w The CBF was measured continuously as total cerebral venous outflow? 2 Arterial blood gas was checked by a blood gas analyzer, ll The systemic blood pressure, SSWP, EDP, and CBF were recorded continuously on a polygraph.* In six animals, respiration with room air was artificially controlled by a respiratort after intravenous administration of gallamine triethiodide (Flaxedil), 1.0 mg/kg. In order to study the effect of CO2 on CBF, 3% CO2 in air was given through the respirator for 7 to 10 minutes. In nine animals with spontaneous respiration, 5% COs in air was given for 5 to 7 minutes. After the first COs inhalation, an interval of 15 minutes passed before atropine infusion. Atropine, 0.1 mg/kg, was diluted in a total amount of 5 ml of 0.9% physiological saline and infused into the vertebral artery over a 5-minute period by an infusion pump.$ The second COs inhalation was started 5 minutes after the end of atropine infusion.
At the end of each experiment, the brain was removed and weighed so that CBF could be expressed in ml/100 gm brain/min. Cerebral perfusion pressure (CPP) was estimated by subtracting SSWP from mean arterial blood pressure (MABP). Cerebral vascular resistance (CVR) was derived from the formula: CVR = CPP/CBF. Cerebrovascular responsiveness to CO2 was expressed as chemical index (CI): 24 CI = ACBF//xPaC02, where ACBF indicates the change in CBF and APaCO~ is the change in arterial carbon dioxide tension by COs inhalation. The CI's before and after atropine infusion were compared, and the differences tested for significance by t-tests. T-tests were also used for statistical analysis of observed changes from steady-state values in each procedure. Table 1 shows the results in the group with artificial respiration. There were no significant physiological changes in the parameters measured between the control steady state before atropine infusion and the steady state after atropine infusion, nor were statistically *Polygraph (RM-85) manufactured by Nihon Kohden Kogyo Co., Ltd., Nishiochiai 1-31-4, Shinjuku, Tokyo 161, Japan.
Results
tRespirator (R-60) manufactured by Ichikawa Shiseido Inc., Tokyo, Japan. $Infusion pump manufactured by Harvard Apparatus, Inc., 150 Dover Road, Millis, Massachusetts. significant differences observed in responses to 3% CO2 inhalation before and after atropine infusion. Therefore, no significant difference was found in the CI's before and after atropine, 3.03 + 1.20 and 3.04 + 1.25, respectively. Atropine infusion did not cause any significant changes in cerebral hemodynamics in the resting state.
In the group with spontaneous respiration (Table 2) , 5% CO2 inhalation did not increase PaCO2, and, accordingly, CBF, as much as in the group with artificial respiration with 3% CO2. The results obtained, however, were almost the same. The CI after atropine infusion, 1.95 -4-1.15, was not significantly altered from the CI before atropine, 1.97 + 0.92. Atropine did not bring about any changes in cerebral hemodynamics in the resting state in this group, either. The control CI's, 3.03 + 1.20 in the first group and 1.97 + 0.92 in the second group, were not significantly different from each other.
The changes in SSWP and in EDP showed a very good correlation, with r = 0.73 and p < 0.001 (Fig. 1 ). There was also a good correlation between the increase of CBF and that of EDP (Fig. 2) , and between the increase of CBF and that of SSWP ( Fig. 3) . 
Discussion
The presence of cholinergic nerve fibers in the pial vessels with the diameter reduced to 15 # has been demonstrated by histochemistry and electron microscopy. 7,s The presence of cholinergic vasodilator receptors *c = steady state 15 minutes after CO2 inhalation and just before atropine infusion. tExpressed as mm Hg ml/100 gm/min " in the pial arteries TM and cholinergic nervous mechanism mediating the autoregulatory dilatation of the cerebral blood vessels 21 were also reported. In 1932, Chorobski and Penfield ~ and Cobb and Finesinger 6 reported anatomical evidence for parasympathetic connections between the brain stem and the cerebral vasculature. The origin of the cholinergic nerve, however, is not yet known.
Effect of intravertebral infusion of atropine and response to 5 7o CO~ inhalation before and after atropine infusion
Although it does not necessarily mean that cholinergic neurons exist there, cell bodies containing acetylcholinesterase were found in the reticular formation in the rat. 29 stimulated and atropine selectively paralyzed the function of the mesodiencephalic activating system? ~ These results, together with the experimental finding that acetylcholine perfusion of the brain stem increased CBF, 2~ could suggest the existence of some cholinergic mechanism in the brain stem.
On the other hand, there is no proof of a cholinergically mediated tonus in the pial arteries in the resting state. There are several reports that atropine did not change CBF? 5,17' a1' 34 The present results are in agreement with them. If the cholinergic nerves were exerting a tonic influence on the cerebral blood vessels under normal conditions, CBF might be decreased by cholinergic inhibition with atropine.
The cerebral vascular responsiveness to CO2 inhalation was not altered by cholinergic blockade with intravertebral infusion of atropine. The results are contrary to those reported by Kawamura, et al., 15 and Rovere, et al? ~ Kawamura, et al., TM reported that intravertebral injection of atropine, 0.02 mg/kg, suppressed the increase of CBF in response to 5% CO2 inhalation in the baboon. We used five times as much atropine in the same method as they did. Rovere, et al.? x reported that intraperitoneal injection of 1 mg of atropine in the rat completely blocked the increase in CBF in response to CO2 inhalation. In their experiment, CO2 inhalation after atropine injection caused a significant decrease of MABP. In order to compare CO2 responsiveness, there should be no difference in MABP between the corresponding states before and after atropine infusion, since CBF has a linear relationship to systemic blood pressure under hypercapnia. TM The present results are in keeping with the reports by Meyer, et a1., 23 and Gotoh, et al., 1~ that the neurogenic mechanism of CBF is independent of the chemical control mediated by CO2. Furthermore, this is not contradictory to the hypothesis of a dual control of cerebral circulation proposed by Harper, et al. 13 Although the neurogenic mechanism mentioned in their papers is adrenergic, the cholinergic mechanism could be incorporated into the hypothesis? ~ As long as the extraparenchymal vessels innervated by autonomic nerves are constricted by adrenergic stimulation, the CBF increase by CO2 inhalation would be less, because an increase of CBF due to intraparenchymal vasodilatation by CO2 could be restricted by constriction on inflow channels, extraparenchymal vessels. On the other hand, the cholinergic effect of extraparenchymal vasodilatation could not influence any CBF increase due to intraparenchymal vasodilatation by CO2, because the latter would be far more potent than the former. As cholinergic blockade does not change cerebral hemodynamics, and inflow channels are not constricted, a CBF increase by CO2 inhalation is not affected by atropine.
Epidural pressure increase following CO~ inhalation will be due to an increase in cerebral blood volume caused by marked cerebral vasodilatation? 2 The increase of SSWP and that of EDP by CO2 inhalation showed a very good correlation. It is well known that superior sagittal sinus pressure does not reflect intracranial pressure. 11,19 Superior sagittal sinus wedge pressure, however, seems to reflect changes in intracranial pressure.
